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ABSTRACT
Objectives: To compare the impact of primary canine and primary first molar extractions with
extractions of only the primary canine regarding correction of palatally displaced canines (PDCs).
Materials and Methods: Thirty-two children aged 9.5–13.5 years with 48 PDCs were randomly
allocated to either the double-extraction group (DEG) or single-extraction group (SEG). Clinical and
radiographic examinations were performed at baseline and at 6-month intervals until the canine
emerged or orthodontic treatment was started. Outcome measures were: emergence of maxillary
canine (yes/no), emergence of maxillary canine into a favorable position (yes/no), and maxillary
canine positional change (angulation and sector). Factors influencing PDC emergence were
analyzed using logistic regression.
Results: In the DEG, 64% (16/25) of canines emerged into the oral cavity vs 78% (18/23) in the SEG
(P¼ .283). Favorable PDC position at trial end was seen in 64% (16/25) of the DEG vs 57% (13/23) of
the SEG (P¼ .600). Significant distal movement of PDCs was recorded in the DEG and SEG, though
no significant difference was observed between groups. Significant predictors of canine emergence
were initial canine angulation (Angle A) (P¼ .008) and space conditions at T0 (P¼ .030).
Conclusions: Double or single primary tooth extraction procedures are equivalent in supporting
PDC eruption into the oral cavity and into a favorable position in the dental arch. Initial canine
angulation and space assessments may be used as predictors of successful PDC eruption. (Angle
Orthod. 2020;90:751–757.)
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INTRODUCTION
The maxillary canine is an important tooth from both
the esthetic and functional perspectives. Ectopic
eruption and impaction are not very frequent (1%–3%
prevalence)1–3 but can create problems if left untreated.
Such problems may be mispositioning and retention of
the ectopic tooth, external root resorption, migration of
neighboring teeth, dentigerous cyst formation, referred
pain, and other complications.4 To avoid complications,
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interceptive treatment has been suggested, and
several studies have evaluated the effects of such
treatment.5–12 Considerable variation in study design,
sample size, and research approach has produced
conflicting results, making it difficult to evaluate the
conclusions drawn.13 The most widely suggested
interceptive treatment approach in cases of palatally
displaced maxillary canines is extraction of the
deciduous maxillary canine.14 This approach could
increase the emergence rate of palatally displace
canines (PDCs) from 39% to 42% without extraction,
to 67% to 69% with the primary canine extracted.10,11 A
recent study compared the effects of extracting both
the primary canine and primary first molar with
extracting the primary canine only. The researchers
reported that the double-extraction procedure was
significantly more beneficial than extracting the primary
canine only.12 However, few studies using this proce-
dure exist, and the evidence of its benefits is limited.
The main objective of this study was to investigate
whether extracting the primary canine and primary first
molar was more beneficial than extracting only the
primary canine in improving the emergence rate of
PDCs. Furthermore, changes in PDC position were
evaluated, and predictors of PDC emergence into the
oral cavity were analyzed.
MATERIALS AND METHODS
Trial Design
This study was designed as a randomized controlled
clinical trial with an allocation ratio of 1:1 to either
1. the double-extraction group (DEG): extraction of
both the primary canine and the primary first molar;
or
2. the single-extraction group (SEG): extraction of the
primary canine only.
Due to strong recommendations to treat this patient
group,13 it was considered unethical to have an
untreated control group.
Ethics
The regional ethical committee of Northern Norway
approved the study in June 2012 (2012/623/REK
Nord). Informed consent was obtained from the child
and parent or from an adult with parental responsibil-
ities and rights. All procedures were conducted in
accordance with the Declaration of Helsinki.15
Subjects
All patients, 9.5–13.5 years old, examined at the
Public Dental Health Competence Centre of Northern
Norway and one private clinic in Bryne, Norway,
diagnosed with unilateral or bilateral PDC between
2013 and 2018, were invited to participate in the study.
Inclusion Criteria
The following inclusion criteria were used:
 Dental age of 9.5 and 10.5 years16 and the presence
of both primary maxillary canines and primary
maxillary first molars.
 Palatal position of the canine verified by taking two
periapical radiographs and by using the Same
Lingual Opposite Buccal (SLOB) rule.17
 Eruption of the maxillary canine in sectors III and IV
according to Lindauer et al.18 (Figure 1) or of the
maxillary canine in sector II with an angle between
the long axis of the canine and the facial midline
(Angle C) of at least 258 (Figure 2)19 assessed on
panoramic radiographs.
Figure 1. Sector location of the maxillary canine.
Figure 2. Angular measurements of maxillary canines. Angle A
indicates canine to bicondylar line; Angle B, canine to lateral incisor;
Angle C, canine to maxillary midline.
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Exclusion Criteria
The following exclusion criteria were used:
 Agenesis of maxillary lateral incisor.
 Previous orthodontic treatment.
 Any disease preventing local anesthesia or extraction.
 Craniofacial syndromes, cleft lip/palate, odontomas,
or cysts.
Final Study Sample
Thirty-two children, 18 girls and 14 boys, with a
mean age (6 standard deviation [SD]) of 10.7 6 0.7
and 11.2 6 1.0 years, respectively, were invited to
participate in the study; all accepted. Sixteen children
had bilateral PDCs, and each single canine served as
a separate unit in the study. In total, 48 PDCs were
included in the study (Figure 3).
The children were examined clinically, including
taking a panoramic radiograph before the study (T0)
and every 6 months until the canine erupted into the
mouth (T1–Tx). If the canine position worsened or
improvement was undetectable after 12 months,
alternative treatment was administered (ie, surgical
exposure, fixed orthodontic appliances). Clinical pho-
tos were taken of each participant before and at the
end of the study.
Measurements
Panoramic radiographs were taken using a Soredex
Cranex D x-ray system (Soredex, Tuusula, Finland)
according to the manufacturer’s settings. Angles A, B,
and C20 (Figure 2) and Sector18 (Figure 1) were
measured by a faculty member of the University of
Tromsø, Norway using version 3.10 of the Facad
tracing program (Ilexis, Linkoping, Sweden). Measure-
ment reliability was reported in a previous study.20
Space Conditions
Clinical photos were examined by an experienced
orthodontist, and the dentitions were categorized as
crowded, aligned, or spaced according to space mesial
to the first maxillary molar (Figure 4).
Figure 3. Consort flow diagram of participants in the study.
Figure 4. Space discrepancy assessment on clinical photographs.
Crowded indicates one or more teeth are overlapping and displaced;
aligned, all teeth are well aligned; spaced, open spaces between
teeth.
Angle Orthodontist, Vol 90, No 6, 2020
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Primary Outcome
Following is the primary outcome:
 Emergence of the maxillary canine into the oral cavity
(yes/no).
 Emergence of the maxillary canine into a favorable
position.
o Maxillary canines erupted in sector I (Figure 1) in
clinically normal buccopalatal relationship with
occluding teeth in the mandible (yes/no).
Secondary Outcome
Following is the secondary outcome:
 Maxillary canine positional changes.
o Angles A, B, and C (Figure 2).
o Sectors (Figure 1).
Sample-Size Calculation
The sample size was based on mean changes (T0–
T1) in Angle C (a-angle) between the SEG and DEG in
an earlier study.21 Each of the two groups required 22
canines according to an estimation with alpha ¼ 0.05,
beta ¼ 0.2, and a power of 80%.
Statistical Analysis
Descriptive statistics were used to report the data
(mean, SD, minimum, maximum). The normality of the
data was confirmed using the Kolmogorov–Smirnov
and Shapiro–Wilk tests. An independent sample t-test
was used to analyze baseline data as well as changes
in continuous variables. The Mann Whitney U test was
used to evaluate the outcome of the variables
emergence of the maxillary canine into the oral cavity
and emergence of the maxillary canine into a favorable
position. The Fisher exact test was used to test the
association between space conditions in the maxillary
arch at T0 and emergence of canines. The marginal
homogeneity test was used to test within-group
changes in ordinal data. To evaluate the association
between various factors and emergence of the
maxillary canine, a binary logistic regression was
performed to calculate odds ratios and two-sided
95% confidence intervals. The level of significance
was set at P , .05. Statistical analysis was performed
using version 26.0 of the SPSS software package
(SPSS Inc, Chicago, Ill).
RESULTS
Participant Flow
Canines were examined clinically and radiographi-
cally every 6 months until they emerged (n¼34) or until
orthodontic treatment was started due to worsened
position (ie, increase in sector and/or Angle A) of the
canine (n ¼ 14). Alternative orthodontic treatment was
started at 6 months (2 children/3 canines), 12 months
(6 children/7 canines), 18 months (1 child/1 canine),
and 24 months (3 children/3 canines). The mean
observation time for the studied sample was 14.8
months (range ¼ 6–24 months). There were no
dropouts in the study (Figure 3).
Baseline Findings
There were no significant differences at baseline
between the DEG and SEG (Table 1). Angular data
were normally distributed in both groups.
Primary Outcome
Emergence of the maxillary canine into the oral cavity:
 Sixteen of 25 canines in the DEG emerged vs 18 of
23 canines in the SEG (64% vs 78%; P ¼ .283).
 In the DEG, 40% of canines emerged within 12
months, 53% within 18 months, and 7% within 24
months vs 32%, 63%, and 5%, respectively, in the
SEG (P ¼ .732).
 Unilateral and bilateral canines were equally distrib-
uted among the PDCs with unsuccessful eruption (7/
14).
Emergence of the maxillary canine into a favorable
position:
 In total, 64% of the canines emerged favorably in the
DEG vs 57% in the SEG (16/25 vs. 13/23; P¼ .600).
Table 1. Baseline Data (T0) for the Single-Extraction Group (SEG)
and Double-Extraction Group (DEG)a
Variable
SEG (n ¼ 23)
Mean 6 SD
DEG (n ¼ 25)
Mean 6 SD P Value*
Age 11.0 6 1.1 10.8 6 0.7 .621 NS
Dental age 10.1 6 0.5 9.8 6 0.5 .067 NS
Angle A (8) 60.9 6 7.8 62.1 6 8.5 .626 NS
Angle B (8) 36.9 6 9.5 35.1 6 6.6 .485 NS
Angle C (8) 30.4 6 9.1 27.1 6 7.7 .183 NS
n n
Crowding 1 2 A NS
No crowding 5 5 A NS
Spacing 17 18 A NS
Sector 2 7 4 B NS
Sector 3 12 18 B NS
Sector 4 4 3 B NS
Female 15 13 C NS
Male 8 12 C NS
a DEG indicates double-extraction group; NS, not significant; SD,
standard deviation; SEG, single-extraction group.
* P value , .05 is considered statistically significant. A Mann–
Whitney U test: P¼ .832. B Mann–Whitney U test: P¼ .586. C Mann–
Whitney U test: P ¼ .359.
Angle Orthodontist, Vol 90, No 6, 2020
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Secondary Outcome
Maxillary canine positional change:
 The angular and sector measurements indicated
significant distal movement of the canines in both
groups (P , .001), with wide individual variation
(Table 2). However, no significant difference was
found between the two groups for changes in canine
angle or sector (Table 3).
 Of the 14 unerupted canines, improvement in the
eruption path was seen in 56% in the DEG and 60%
in the SEG. Six of all examined canines exhibited a
worsened eruption path (ie, increase in sector and/or
Angle A), four in the DEG and two in the SEG (P ¼
.449).
Predictive factors for the emergence of the maxillary
canine into the oral cavity:
 A significant relationship was observed between
maxillary canine angulation at baseline (Angle A)
and the emergence of PDCs (Odds ratio ¼ 0.882,
Confidence interval ¼ 0.804–0.968; P ¼ .008).
 Canines that emerged exhibited a significantly greater
Angle A at T0 than did non-emerged canines (mean¼
63.78 6 6.68 vs mean¼ 56.28 6 9.18; P¼ .003).
 A significant relationship was also seen between the
emergence of PDCs and space discrepancy at T0 (P
¼ .030). More PDCs emerged the more space was
available at T0 (Figure 5).
DISCUSSION
The main objective of this study was to compare the
emergence rate of PDCs when the primary canine and
the primary first molar were extracted compared with
extraction of the primary canine only. The current study
did not find a significant difference in emergence rate
between these two procedures. In two previous
studies, no difference in emergence rate between the
groups was found in the first study,21 but a significantly
higher emergence rate in the DEG was observed in the
second study.12 One reason for the dissimilarity
between these studies could be differences in dental
developmental age in the participants. In the second
study,12 43% of participants had a dental development
age of 8.5 years16 vs 100% in the 9.5- and 10.5-year-
old stage in the present study. It was pointed out earlier
that canines normally appear palatal in children
younger than 10, which elevates the risk to include
normal canines as PDCs in younger age samples.22
Differences in the initial canine position could also
have influenced the emergence rate. In the present
study, no canines were situated in sector I, 1/4 in
sector II, 2/3 in sector III, and 7/48 in sector IV. In a
study by Bonetti et al.,21 1/4 of canines were located in
sector I and 2/3 in sector II. This indicated that the
present study had more severe cases. The higher
success rate for canine emergence in the Bonetti et al.
study vs the present study could also have been
related to a longer observation time in the previous
studies (ie, 18 months vs 14.8 months).
Bonetti et al.21 emphasized that the ultimate criterion
for successful outcome may not only be the rate of
eruption/non-eruption of PDCs into the dental arch.21 In
agreement with this statement, it is also very important
where in the mouth the canines emerge, as the
distance from the emergence point and favorable
position in the dental arch affects the orthodontic
treatment length and cost.23 In addition, the risk of root
Table 2. Sector Change in PDCs From Start (T0) to End of Trial in the SEGs and DEGs
Worsened by







PDC T0 SEG DEG SEG DEG SEG DEG SEG DEG SEG DEG Total
Sector 2 0 0 3 0 3 3 0 0 0 0 9
Sector 3 2 2 1 1 1 2 9 14 0 0 32
Sector 4 0 0 0 1 1 1 1 0 2 1 7
Total 2 2 4 2 5 6 10 14 2 1 48
a DEG indicates double-extraction group; improved sector, reduction in sector; PDC, palatally displaced canine; SEG, single-extraction group;
worsened sector, increase in sector.
Table 3. Comparison of Changes in Canine Angulation Between Initial and End Observations; Mean Observation Time¼ 14.8 Months
SEG DEG
Variable Mean Minimum Maximum Mean Minimum Maximum P Value*
Angle A8 –15.3 –29.9 1.7 –14.7 –36.3 6.7 .846 NS
Angle B8 15.8 –2.5 38.6 14.9 –11.2 44.6 .818 NS
Angle C8 17.7 –2.7 43.9 13.3 –10.6 33.7 .203 NS
a DEG indicates double-extraction group; NS, not significant; SEG, single-extraction group.
* P value , .05 is considered statistically significant, independent samples t-test.
Angle Orthodontist, Vol 90, No 6, 2020
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resorption is substantially reduced if the canine is
localized in sector I.19 Emergence of the maxillary
canine into a favorable position was therefore added to
the primary outcome. No significant difference was
seen in this respect between the two extraction groups
when all examined canines were analyzed. However,
for canines that emerged into the oral cavity, signifi-
cantly more canines emerged in a favorable position in
the DEG than the SEG. The reason for this difference
was unclear. Previous studies found that the angle
between the first premolar and the facial midline
increased more when double rather than single
extractions were performed,21 which may lead to a
different eruption pattern for canines in the DEG than
the SEG.
Canines in both the DEG and SEG changed to a
significantly more vertical position from the initial to
final observations (P , .001), though no significant
difference was found between the groups. This was in
contrast to two previous studies finding that the DEGs
experienced greater angular change than did the
SEGs.12,21 The amount of angular change in erupting
canines may be related to space conditions and age
and may, therefore, differ between individuals and
study samples.20,24 Therefore, the angular position of
emerged canines may not be the best outcome
variable, though it has been used in many PDC
studies.5,6,11,12,21 However, as a selection criterion for
decisions regarding primary canine extraction and, as
a predictive variable during the observation period,
canine angulation may be important. In a recent study,
Naoumova et al.25 advocated guidelines for the
interceptive extraction of primary canines based on
sector location and alpha angle. They suggested that
interceptive extraction was beneficial when the canine
was located in sector II or III with an alpha angle (Angle
C) of 208–308. If the canine was located in sector IV,
with an alpha angle .308, immediate surgical exposure
was recommended, and observation was recommend-
ed if the canine was located in sector II with an alpha
angle 208. If these guidelines had been applied to the
present sample, they would have worked very well for
the recommendations to extract the primary canine (23
of 26 canines emerged), but not as well for the
recommendations to implement surgical exposure
(three of four canines emerged without surgery).
Previous studies have shown that dental arch space
was reduced after primary maxillary canine extrac-
tion.10 In the present study, only photos and not dental
models were made, which made accurate space
measurements difficult. However, the photos could
reveal that spaced maxillary arches at the start of the
trial was significantly associated with emerged canines
compared with aligned or crowded maxillary arches,
but this result should be interpreted with some caution
due to few cases in the crowded group. This was in line
with earlier studies showing that increased maxillary
dental arch space positively affected the PDC emer-
gence rate.9,26,27 It has also been reported that space
conditions in the maxillary dental arch influenced the
canine eruption path.20,24
The most important predictor of successful emer-
gence into the oral cavity was the angle between the
maxillary canine and the bicondylar line (Angle A) at T0.
Figure 5. Relationship between space discrepancy in maxillary arch at T0 and emergence of PDCs. Crowded indicates one or more teeth are
overlapping and displaced; aligned, all teeth are well aligned; spaced, spaces between maxillary teeth.
Angle Orthodontist, Vol 90, No 6, 2020
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Naoumova et al.25 also found canine angulation, apart
from primary canine extraction, to be the best predictor
of PDC emergence, which was also confirmed by
Power and Short.6
CONCLUSIONS
 Double or single primary tooth extraction procedures
are equivalent in supporting PDC eruption into the
oral cavity and into a favorable position in the dental
arch.
 Initial canine angulation and space assessments
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